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&3k ASPECTS8 OF ASTRORAUTICS

R. ¥, Buchheim, 8. Herrick,
E. H. Vestine, and A. 0. Wilson
Biited by P. Bwerling*

INTRODUCTION

Those who firet wenture into spaes wili, unliks eerlier navigators
pushing across unexplored ssas, find that much of the region to be traversed
has 2lrsady teso charted and seasihing of tus charester of both space {teslf
and petential Jestinations in spage is known. But there is alveys ths
difference detween indirect knovledge and first-hand axperience, and this
difference undrubdtedly will show up trenchauntly on the first flights into
8p609 .

. Before entering into details, & fov important basic differences
betveesn cpoes envircameat and terrestrial euviroomant should bs msntioned
end kept in mind in our diseusgions of spaee. First, the conf!gurations
of bodies in spase are never static; relative distances are always changing.
Second, the description of the eolar system in terms of distances alone is
insdequats. 7The astromsut must think alsc in terms of all the orbital
elempnte: the ezcentricitics, the inclinatioms, the nodes, the epochs,
and the peribeliens as vell as the semimajor axes. The third gesoeral
differense is the relation betveen ensrgy expendsd and distanee traversed.
In spasce this vill be ecompletsely unlike anything in terrestrial experiance.
Fourth 18 the mstter eof the seale of space. It is alvays moot difficult
te visualise the tremsadeus distanees invelved. A fifth 4ifference is
that spase travel vill be perforwed in veahiclee which ars intermediats in

size botwaen the smill partieles in free spaco and the massive planets.

* T™he RAXD Corperetion, 1700 Main Btrect, Sante Monisa, Califormia.
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Viile the motions of ths latler are influsnced only dy gravitatiopal forces
(Hewtonian and relativistic), the ewall particles are. in addition, subjact
to magretic, elsctricul, and radiation forces. It is toc be sxpscted that
future space ships will, as intermediate-sized bodies, experience .o soms
extant the effects of aii of these forces.

"bers are many possible ways to classify space-Tlight activities,
sucl as powered and ballistic, manned and unmanned, scientific and mililary,
¢tc. One of the most useful of these ways is to order space Tlights by
flight mission.

The main categories of activities of general intarest are:

0 BEarth sstellites

o Lupar flighte

o I[nterplanetary flights

let us first consider the gross dimensions of these flight classes.

In the case of satellites the distance paramster of interest is orbit
altitude. This can range from about 100 miles to =Sout 1,000,000 miles.
Beyond about 1,000,000 miles frox the earth, the sun's field will disturt
the vehiaie to such an extent that the term 'sarth satellite' tends to loee
its meaning. The tims parameter of interest is orbit period; this will
renge from about 1-1/2 hours to about 8 months.

lunar flight distances are, of course, roughly the distances from
sarth to moon - about 240,000 miles. Flight times vill rengs generally
from about cue day to one month or more.

The interplanetary theater starts at a distance fros the earth of
about 1,000,000 miles and exteads to the orbvit of Piluto, neerly 5,000,000, 000
miles at maximm displacement. Flight timsa would fall roughly in the range

of ome momth to 0 years.
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In the cutegory of satsllites we have two principal types:

¢ Nem-receverubla satellites

¢ Recover."': sr’elliites

The nea-receversbls oarth satellite 18 nov & familiar system. Its
feesibility has boen established beyund any resonable doudbt.

The recoversb.e satellite is so contrived that all or pa:i <f the
satellite {3 perturbed by an on-board rocket so that (¢ returns to the
surface of tas earth.

The limar flight category can dbe dbroken down into the following
principal miseions:

o Iwpects on ths moon

o HNom-destructive landings on the moon

o Artificial satellites of the moon

o Cirewmlunar flights

Interplanstary flight would, i{n turp, involve exscution of the
follewing:

o Impast on the planetary surface. (Impact here has {ts usual mearing -

s dsstructive collisiom.)
0 Lesd intast on the planetary surface.

Set up an artificial satsllite of the planet.

-

Orbit areund the planet amd return to earth.

o

et up Lmrplmury spacs duoys.

BASIC LAWE OF “XLESTIAL MECUANICS

Celestial mechaniae, Whish 15 the bdasis fer the determination of

srbits or trajeetaries in spese, 1s usually theught of as deginning vith




the publication of the De Revolutionibus vy Copernicus i{n 15!, sitbough

the subject has i{mportant rocte nearly tvo thousand years before this date.

A secoud ma or step vas mede Tty Kepler in his discovery of the laws of
planstary motion (see Pig. 1)

1. The orbits of the planets are ellipses with the sun at one focus.

2. e line !olining the planet to the sun sweeps Over egqual areas in

equel {nterveis of time.

3. The square of the pariod (P! ¢f & planet {s proportional to the

cuba of {ts mean distance {al.

‘n Kepler's third lav the period, usually designated by F, is the
length ¢of time {t takes the plapet, comet, or, today, satellite to travel
around its orbit. The mean distance, &, is sometimes called the semimajor
axis (cf. Pig. 1) and is in fact the average of the greatest and least
distances, the perihelion and the aphelion distances in heliocentric orbits,
or the perigee and apogee distarces in geocentric orbits.

W¥ith his lav of universal grevitation and his lavs ~f motion, Newvtoam
vis able to rederive the Keplerian laws of planatary motion. In doing 8o
be found it necessary to modify them in significant vays:

1. Kepler's lavs define the motion of a planet exactly only i{f it s
alone vwith 1ts sun in the universe. BHEvery other obiect in the universe
vill 4isturd the simple Keplerian motion, producing what we call perturbations.
In Fig. 2 ve see¢ the effect Of an extremely large perturbation. A comet or
minor planet is traveling sround the sun {n Keplerian orbit A. One time,
vhen (t !s croseing the orbit of Jupiter, {t finds Jupiter ansarby, at J.
Jupiter's attraction is momentarily very large, causing the disturbed

object to be hurled off toward the sun in a nev direction. After it is
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safely past Jupiter the sun's attraction again becomes predominant. and
tht objsct thereafter travels in erbit 5. Uf scourse the attracticn of
Jupiter is never negligible, and sc '8 progreesively -~hangi:ng tle orbit,
though more gradually than ip the {lliustration.

2. Nevton showed also that Kspler's laws would be exact for a tvc-
body system ouly if the two bodies were nowogenecus in apherica concentric
iayers. DBecsuse of ite rotation, the earth is not perfectly sphericai,
but bulges out at trhe equatcr. The bulge will int-oduce perturtative
forces on thea moon or an artificial satellite. These cannot be resolved
into a single force acting from the center of the esarth. The bulge
perturbations of the erbit of an artificial satellite are muck larger than
those eaused by the sun or the moon.

Other forces that may be treated as perturbations, when they are not
too large, inelude thrust, dreag. and other aerodynamic fcrces, tud poesibly
elesetromagnetic forees, radiaticn pressure, and the modifications intro-
duced into the grevitational field by Binste.rn mechanics.

Y. Kepler's laws, {n Nevton's redevelepment, emerge as integrals cf
the tve-body problem. There are many other wseful integrals. of courae,
and at lsest one of them bas such & simple form as tc be especially useful
in the selution or interpretation 5f orbit protlems. It s the vis-viva,
or amergy imtegral, vhich expresses the fact that the sum of the kinetic

and potential ensrgies is constant:

ve

)
J

- o

2 2
- X (myemy) (D -
in this equation k is the gravitational comstant; Y and n_ are the nesses

of the twe bodies; a 15 the semimajor axis; V is the velocity; and r {s

the distawee from the focus.




«. Nevton found that {n the two-body protlem the el.lpse was 10U the
only possiblie orbit ‘aratvnlas and hypertclas wvere alsc poesitle orbvite.
The add!tion of parsbolas mads (t posaible for Nevton to show that the
comets, {ch travel {n nearly parabolic orhits, obey the same avs as the
piknets

Por (llustration, let us suppose trhat a circle is the orbit of e
satel.!te somevhat above the surface of the sarth, vith a velocity just
under ° eiies per secord. ¢ the velocity were cut to 3 miles per seccnd,
the satellite would fall inverd on & smaller ellipse unti{l it epcountered
the surface of the earth. Jlonversely (! we increased ths ve.ocity of our
jrojectile to - miles per second, ve wowld find that {t would rise up on a
larger eliipse. (f next ve think of the velocity as increased to 7 alles
;er second slong the same horisental tangent ve find that the oblact will
travel off on a paradola, never aloving duwn enough to return. i
critical veloeity, spproximately 7 miles per second, 1s calied the 'veloeity
of sscaps.’' [t (s the same vhether the direct{on of projection 1is horifzontal,
vertieal. or scme angle in betvean. A velocity of ¢ miles per second wo.id
carry the pro‘ectile off on a hyperbola; etil.: higher velocities, on more
nearly rectilinsar hyperbolas.

The ec-¢slled veiocity of escape appiles strietly only ! we neglect
all other forces (n the fleld. With a velocity of 7 miles per sscond a
projecti{ls vould escaps. at least temporarily, from the earth, but not from
the sun. As !t receded {rom the earth, in any 4irectian, its veloeity wvould
quickly drop off nearly to zero. But vith (ts geocentric vwlocity nearly
sero. its beliooertric veloeity would be nearly the same as ihat of toe

earth, {.s., 18.1 7 mlles per second in ¢ direction approximately at right




angies tc the direction of the sur. And sc the escaped veLicle vould
take up A nearly circular orh{t around the sur clessly approximating toat

cf the eartl.

THE ORBITAL ELEMENTS

A twvo-body ordbit, as {liustrsted in Fig. 7. 14 specified Uy six
constants, ceiled the 'eiemants’ of the orblt. Three of these elemsnts
have tc do with the orunt.atvian of the ordbit in space, and require that
wve spacify arbitrarily a reference plame, and (n that plane & reference
direction. For geocentric orbits wve use the piane of the earth's squa.or
and the direction of the vernal equinox. (For beliocentric orbiis the
reference plane te usually the ecliptic planse, :.e¢., the plane of the earilh's
ortit., The intersacticn of the orbit plane and the equator plane, in
the geocentric cass, is ealled the lipe of nodes. The ascending node (s
ths poiat at vhieh the object passes from the south side %o tre north side
of the equator, and the descending nods {s thie point at whick {t passes
from northk to soutb. Three anyles that may be used for orientation elemeats
are, then:

i1, the longitude of the node, or the angle betwvea:n the directions of
the vernal equinox snd the ascending node.

f, the inclination, or the angie detvesn tha tvo planes.

(v, the argumsnat of periges. or the angle (n ihe o7b{t plane bvetveen

the direction of the ascending node and the directiocn of erigwe.

The remaining elemsnts speeify the site and shape of the orvit and
the time at which the orbit is st some specified point. These mey be.

s, the msan djistance or semimalor axis.

e, the eccemtricity, vhich may de d%fin | as the distance from the

center of the ellipee divided by the semimajor axis.
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T, the time of psrigee passage.

These six constants are often replaced by others in part or altogether.
For example, the orientation unit vectors, P, direscted to periges, §,
parallel to t.hn velocity vector at perigee, and W, perpwndicular to the
orbit plane and making up a right-handed systes vith P and §, are often

used as orientation elements in place of fl, 14, ..

FERTURBATIONS AND PRECISION

Tvo-body orbits and elements are very useful if the perturbing forces
are not proaibitively large. Often the perturbing forces may be reduced
greatly by relatively simple dsvices. For example, the sttraction of the
sui on the moun {s appraximately twice that of the earth. If the sarth
and the moon vere stationary, thc sun would quickly pull the moon away
from us. But most of the sun's attraction is used up in pulling the moon
into approximately tae same curvilinear orbit as that of the earth. What
1s left over is only about 1/100 of the earth’'s attraction. Consequently,
&3 the first approximation, the moon's orbit around the earth is approximately
& Keplerian ellipse. A perturbation as large as 1/100th of the primary
acceleration, h‘ovwor, is extremsly large, and the accurste determination
of the moon's orbit 1s a very complicated matter.

Tvo well-known perturbations of satellite orbits due to an equatorial
bulge of the central body are (1) regression of the nodes and (2) advance
of the perigee. That is, the nodes gradually move in a direction opposite
to that of the orbital motion, vhile the perigee gradually moves in the
same directiom u the orbital motion. Perturtations dus to dreag cause a
gradual decrease in the eccentricity and semimajor axis of an orbit. In

many cases, the magnitude of these 'secular’' perturbations can be calculated



t2 8 good degrey of appremimstion.

Teere sie sevaral Aifferent methods for caniling pocturbstions. lo
ok uf Uea v -ake no referénce vhailscever to suxillsry gliipass, wut
Jiarly Latagrite the total asoslerstion, is order te follee tae path., This
precess, w4 witd numerieal integration, s cslied Cowell's maihicd. It
hes tesn sed Lo lunar tredectory verk almost exclusively. A sscond way %o
Laadio pAFlurbatios 16 20 calduiats frew the position ad walnciiy at any
peiat ir *%¢ actusl path the elliptic o.bit that would be fol.eved (I at
that point all perturbaticons ware suddenly to ceass. The differeaces
vetveen the actual actelsrations and thé "two-body accelerations’ in thie
‘osculating' ellipse ars then integreted to find & eorrection to s padition
ia the two-body orbvit that will give tivs position in the actual orvit.
wWhean numerical integration is used this methcd is referred to as Bncke’s
mathoi. It (e especially effective when ths perturbaticns are small. After
- tims, bowever, thse perturbiatliong ere likely to hulld up tc sueh & poin*
that a nev ocsculating reference orbit must te determined frum integraied
position and veliceity.

Ingteed cf moking acorupt changes from one reference orbit to another,
Ve san meke the changes gradually dy the msthed off variation of paremeteres.
{o this method voe paremsters thal defins the osculating two-body orbit
are allowed to very progressively sc that the osculating orbit will always
give Lhe same position snd velocity &8 the two-body orbit. The effect wiil
be to taits. One of the osculeting ellipses xradually to change until it
marges into the other ons. The variations of ihs paramsters are determined
directly from tle perturvations and may be iutegrated numerically, or,

alteruetively, by =eriex axpansions.
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wWhan the periurbat.ons are very large, ssither Eocke's mathod nor the
method of varistion of parameters offers way advaatege over Cowell's method,
snd the iest zhould ne used beca .se it rejuires less caleulstion. wWhen the
pertirbations 9 small, Lovever, and especially vhen the tvo-dody xoticm
‘s very rupid., Cowell's method (s disadvantageous and mey evar be incapable
cf hendiing tiLe problaom.

Yhen perturbstions are hendied dy numerical integration the procase
is ecalled speciel perturbations. Whin tde perturbdetionz sre reyreseniad by
ser{s3 and integrated term by term, the process 13 refarrad o as geosral
curturbstions.  Today vy refer to such seriss as 'Tourisr ssries.’

Actually the process antsdates Fourier b“y sore than tvo thousand years.
In the Ptolemmic system the camplex molions of the planets were repreasnted
by syotemé of circles *hat were squivalent to Fourlsr seriss.

I$ 1s desiruble, at thie poimt, t¢ distinguiah ¢clearly dbetweea two
¥inde of trejectory work: 'preliminary {er feesibility) trajectoried end
'precision trejecturiss.' By preliminary trajsctoriss ve mean Qqualitative
tragecterivs that sre wseful {n preliminary studies,; ln which valy rough
relinatas of ths amount of fwel, the duratienm of Tlight, ruquired guldance
tolerances, or similar questions are desired. Precislom trajeectories, oo
the other hand, are necessery for accurate space mavigeticn.

™he lunar [light tralectory {liustratss one of the important dietinetions
betveen preliainary eand preclisiom work. In preliminary studles of lunar
and circumlunar trajgctories it is poesible 1o suppose that The mow, is
poving with unifor® velvelity in o perfect circle, or that It 18 & flaw.
point in a rotating framework. in precisicn vork, bowever, the rotating

framevork ¢»eses tc be useful. In fact there are nu sluple pethemmticsl
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expresziecs thet will represent the mood’'s positian for mdare then & very
brief imterval. We mmst tuxx te tables of the meom'e positiem, sush as
koo Zivem in the variess smilional epasworvides or alamnsss.

Ansther impertent semsiderution in prweisiem orvit werk ie the
felloving:

At the presest time refined valuss of the dasic caustants are definitely
reguired befere sa intarplacetary dallistie flight to interseet sngthar
planst ssuld e sueceszsful. Tais mey ssem odd, sinoe centurise of astro-
nenieal cbserveticns have cemtributed to plotting the elesmute ef the ervits
of planats end satelliites te aix-plase seéeurasy or better, and to determining
the mutual perturdbaticus af those erdbits csused by the esveral dadiss in the
salar system. Hotwwir, saw deninast faster mekes theoe elsments wnsuitable
for succossfui planet-to-planet mavigation. This faster ia that vhile
Plenatary erbitsal dimensicns sre known %o 3ix-place sscurssy or better whon
expressed in terms of the astreacmical unit (the cemimajor awis of the
sarth's artit), the astromamiecal unit (a.u.) itself is kuewn %0 ealy adeut
mmu_lwmummuumofMaan,mmtam
valoh flight dosign wast be made. (dpecifically, 1.»95;10&1;:':1..\;.
S 1.&96:;108&:-.)

As a 3isple exampls of the effect of this unsertainty ia the scale of
the soler syntem on o problem in spacc mevigation, censider the trip frem
the Rarth to Veams alemg & minimm-energy ordis. Makiag severel simplifying
assumptions rogarding the eceentricities amd inclimations ef the ordits of
tho harth and Vomus, ve fiad that the unscertainty in the semimajor axie of
the minimm-energy orbit vould be abeut 172,000 km ar 15 dismeters of Venus;

and this megloets the timing errer intreduced, (ne of the first tasks of a
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flight into Lnterplanstery spass should bs the meesuresmsst of the fundamental
astrensmionl wnit of dAistance in tarms of laborsiery standards of lemgih.
Anethor basie censtant, the gravitatieasl eonstant, is lmews to anly abeut
thres significsnt figurec whan sxpressed in the ¢.g.e. systam or any other

leboratory system of units.

LUNAR AND IWEERPLANRTARY FLIGRETS

A typical preliminary ecrth-moen transit trajeetory ecaputed by aute-
matie machine is shewvn in Fi{g. &. It is pletted in retating ccordinstes so
ar. anged that the sarth-mson line appears to stay fixed. This cocrdinate
schems shovs the trajectory sbout as it weuld appear to an obdserver standing
on the mocn. Thie same trajectory is plotiad in inertial eoordinates in
rig. s.

It ean be ssen in Pig. 5 that the vehicle in this partieular tramsit
trajectory vill move in a sowntercleckvise direetion in the initial phases
of fiight; 1.e., the advance of vehicle angular positien vill de in the
~sams direction as the orbital motion of esrth and moon. BSwech an orbdit is
referred to as a direet ordit. An advantage of esuch an orbit is the fast
that one ean capitalize om the orbital motion of the earth (in earth-moon
épace ) as well as the rotation of the sarth in building up the initial
veloaity of the vehicle.

In Pig. 5 the attrectien of the moon can be seen near the terminal emd
of the trajectery. T ¢ directicn of approask has becams wlmost a straight
line to the moen's center.

The tims required fer an earth-meen passcage 18 stremgly dspendsnt wpen
ianitial veloeity. A plot of transit time as a functiom of initial velocity

is ehown ix Fig. 6. The exast time-vs-veloeity curve is, of course, somevhat
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depsndent olso wpea the direction of projection, but the dependence i3
relatively slight.

Th.s marked deorease in flight time for a moderate velocity increase
in the lov-ayeed regime suggests that the efficiency eof sems flight missien<
can be enbanced by sacrificimg sams paylced to increase prejection veloeity.
Thies would de true, for example, in missicns requiring the expenditure of
large amounts &f electrical anergy during transit, or in manned flight vbere
the domands of uutritien and & livabls envirommsent grov vith Tlight durstioca.

A lunar-impeact flight consists simply of projection of & vehicle from
tho oarth t¢¢ crash or the swrface of the mcon unchecked. B8uch a flight
would typically involve truversal of a trajectery like that in Figs. b and
5. The spwed of the body at impast, relative to the moon's surface, will
te 0o lsss thas lumar escaye velocity, and typically veuid be around
10,000 fe/see. It is conceivadle that some sort of instrument package
could e made te curvive sush an impect, »ut the possibiiities are only of
a spesulative suet.

A particularly interesting payload poesidility for an impact flight 1is
a seurce of visidble light tc sigaal arrival. It bhas been estimatod that
samwithing like 10 pounds of flash pewer exploded om the dark half of the
half-illuminsted moon vould be obeervadble in & 21-inch reflecting telescops.

The ascurssy roquired ia the projection prosess to produce an impest
o the visible side of the mess must be dstermined by trial and errer, i.s.,
simply by cemputing a great nwmber &f trejectories, noting locatioms of
iapasts and miss distances. The values of allevadble errors in speed and
direstion of prejectica are dependent upon the speed, direction, and

pesitien at the imitial point is the umpewered trasjestery. A coordinate

arrangsment feor defining prejectien cenditioms is shewn ia FPig. 7.




Combinations of initial conditions that result in hits pessimg threugh the
moen's center are shovn in Pig. §. For nominsl values

Ve = 35,000 ft/sec

y = 1.2 deg

f = 108 deg

r = 4300 stat =i
sarked {n Fig. 8, we find that allowabl: errors in speed or d.raction fer
impact on the visible face of ths moon are sbout

3V = 40 ft/sec

i+

by =

i+

0.25 deg

The exast bdand of conditions for impect, around the nominal point
selected, is shown in Pig. 9. Generally speaking, higher valuss of V.
lead te larger allewable 3V, vhile smaller values V. allev greater values
of 87 Effects of veloeity errors are {llustrated in Pig. 10.

¥ mist also recognite the existence of another kimd eof flight teler-
ance that does not figure in purely terrestrial flight activities - that of
iaunch time. In addition te & fairly close tolerance on the instaat of
lavmnch, it must be recognized that the salendar dates em vhich launshing is
feasidble are dspendent upon the latituds of the launch sits, the range of
firiag arimuth available, asd the inclination of the moon's ordit relative
to the earth's equaterial plans. These generul ocbservatiens abeut launeh-
tims tolerance apply more er less directly to all of the lumar flight types
listed.

Por moet equipmsate, a nen-destrustive landing oo a s0lid surfaee
implies an appressh te the surface at a rether lev speed - a geed dsal less

tham 10,000 ft/sec. Simes the moom has me apprecianvle stmosphere, dseslerstion
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must be sseemplished by i ehet propulsien in the fimal phase of appreash.

The trajestory requiremeats for lunar lamdiag are essentially the sane
as those fer impaet, e cev? gerhops feor seme closer specification of
ascuracy toleranses if a aearly perpsndicular hit em the lunar surface s
nseded t0o accommodate the partisular laadiag-gear arrsagsmsnt eagloyed.
Landing dces, howsver, involve anetber extersiom of the probles beyond the
iapast casy. It imtreduses a requiremext for comtrel of the eoriestaties eof
the vehicls se that the 4dseelerstimg-recket thrust is properly aligned
relative to the lumar appresch veloeity.

Anather flight missien that requires rocket decelsration at the moen,
and, hoaes, attitude etadilisatien, is thet of establishing an artifieial
sstellite of ths moen. JFor this eperation ve must procesd aleng a transit
trajoectory that misees the moen, to pass by it st an altituds squal te the
d63ired satellite altitude.

The peried and orvital velecity of a lunar satellite as &« fumetion of
orbit altitude is cheown 18 Pig. 1l1. It ie sesn that for reascasdly clees
satellites, orvital velseity falls in the vieimity of 3000 ft/sec. Since
the veleeity of the vebiele in 1ts transit trajectory vill de of the erdar
«f 10,000 ft/sec near the moon, it {s appareat that a velecity redustien of
arowd 5000 ft/sec is required te set wp a lumar satellite.

The prejectien aseuresy required {a this operatien dees net differ
markedly frem that required to lumar impast. The limiting sccursey require-
ety are derived frem cemsiderastion of tvo possible oatastrophies that can
oceur to he satellite: toe leow am {aitial veleaity vill cawse {t teo eclitde
vith the meen (Fig. 12); %tee high & veleeity will result in resapture by
the earth (rig. 13).
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It ve vigh te make an unpovered flight eatirely arousd the moon and
return to the earth, we must stay near ths extreme lev ond of the scale of
lunar flight speeds. In fact, ve must operate in the region betveen about
35,800 and 35,100 ft/sec only (referred to an initial position 4300
niles from the semter of the earth). Bubstantialiy higher initial
velocities voeuld result in speeds pear the moon that are too nigh to permit
sufficieat deflection of the trajectory by the moon.

Within the alloewable range of initial velocitiea, the agcurscy reqQuire-
ments for circumlunar flight are comparatively modest if all we ask is
return to the earth: typically + 75 ft/sec in velocity or + 5 deg 1n
direction. These large tolerssces are, howvever, asscciated vith fairly
large variations {n the dictance of closest appresch to ths moen and in totel
flight time. A variation of 10 ft,sec in initial velogity wveuld ehange
the distapse of closest apprcash by about 1000 miles and the total flight
time dy abeut 2% hours. DBecause of this sensitivity uf flight time to
iaitial velocity, the velscity weuld have to be cemtrolled to within about
+ 0.9 ft/sec 1f & returning circumlumar vehicle wvere to be recovered vithin
the continextal United States. Theee values of seasitivity apply to a
treajectory with an initial velocity ef abeut 34,90C I't/sec vhieh passes the
mook at & msarest appreach distance of abeut 000 mi. The sensitivities for
other trajectorizy could 4differ from these by as mueh as an order of megnitule
depending wpon the exact values of the i(nitial conditiecas.

There are five special peints in earth-moen spese, oslled 'lidbratiocn
centers,’' &% whiedh a vehicle migit 'fleat at anchor’' as & sert ef spede
vaey. The arreagewmsnt of these points in the (x,¥) plame Ls shewe in
Pig. 18, Appreximate salutioms to the equations of motion can be developed

{n the ssighderdoods of these canters of lierstion.
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Ve find from this selutien thet the motiom near the straight-iine
semters of libratien (I, II, and III) 1is uastable; because of the presence
of the hypervelic funstions, a particls initially nsar & center of libratiem
vill eveatually sovw indefiaitely far sway.

For the equilsteral-triaamgle points omly osecillatery serms appear i{n
the salution to the equations >f motion, so it vould seem that we could
estadblish space duoys at the triangls points that would stay at anchor in
earth-moen space for an indefinite period, until displased by axternal
disturbances.

In treating lumar flight ve hsve been cencernsed vith a gpece environ-
ozt domipated by the flelds ¢f tw massive bodies - the earth and the aoom -
revelving in eirvies about their coamen center of mass. ihen ve consider
interplanetary flight, the main r'satures of the problem are determiyed by
a similar kind of flight eavirenmant. The 4difference is that the inter-
planstary flight bas moro major phases.

let us run through thees pbases in a flight, say, from serth to Mars.
The first phase takes plave in earth-moeu space. This phase soom blends
inte the second phage  vhere the main saurces of influsnce are the earth
and swn. At & distasce of a fov milliom miles from the earth, the third
phase Degins, in vhieh the sels imflusnce of sudstantial consequenes 1is
due to the swn. As we appresch Maro we enter the fourth flight phase,
where 2 hedies of ehief cemeeyn Sre Mars and the sun. In the terminal,
or £if4k, phase very aser Mars, ocnly the field of Mars {tself {s important.

™e ewputatisn of sa interplamstery flight trajectery is very complex,
vecause of the multiplisity of flight phases with the attendsat requiressnts
fer changing referesse frumes, oquatiens of metiem, aseuragy tcales, etc.

Rovever, \he major charasteristics of an interplanstary trajectory caa de
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sumarized as follovs: The initial leg of the trujestory (phsse ene)
appreximstes s hyperbola vith focus at the sarth's eenter; this leg (through
phase two) blends intc a large ellipee vith focus at the sun's center
(phass three !; near the end (tarough phase four) this ellipse blemds into
a hypersola vith foeus at the cemter of the target planst (phase five).
landing on Mercury would be similar to landing on the moon; therc is
no atmosphere, a0 deceleration must be accomplished by recket. Landings
on Venus, Mars. or the earth can make use of asrodynamic drag fer deceleratiom.
Landings {n the usual sense are not likely on tne other plansts, since they
4o not have (er probably do not have ) clearly defined salid gurfaces.

Establishmgnt of an artificial satellite of another planet invulves
the same poesidble sources of failure as esteblishment of & lumar satellite -
teo littls veloaity will result (p colliston with the planet. too mueh vill
lead to capture by the sun. A reund-trip around, say, Mars vith subsequent
return to the earth is possible by proper tra‘lsctory arrangsmesnts.

Lisration centere iz interplanetary spyece are produced vy the flelds
of the sun and a planet, just as they are preduced in earth-moon spase by
thes fislds of the earth and moen. Thus ve should aiso be sble to sstabliah
interplanetary space bugys. In fset sush bduoyr elready axist {n natural
fore as the Trojan asteroids (see belov) at the equilateral-triangle peints
relative %o the sun and Jupiter.

Ffer all of these interplametary missioss the guldanoce accurecy
requiremsnts are far more strimgent thern {or analegous lunar missions.
Representative velocity toleranses ore en the erder of U.1 ft/sec.

Anothar types of interplanetary missicn is that of establiahing an

artificial asteryid {(artirieial solar sateilite !.
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THE SPACE IRV IRODERT

One of the meet importamt aspests of the spece enviromment deels vith
the m“erial comtent of spase. Lot us first considar bodiss in the range
frem cosmic dwst to chunks of roek (1.s., say 20 microns to & fev meters)
commenly ealled metgorcids. Figure 15, based upon the observational and
theoretical resulis of the Harverd Meteor Progrem, gives the moss and sise
of msteoric particles as funstions of the visual magnitude. Figure 16
indieates the mumber of such metesroids striking the eertid per day, amd the
aumber striking & 3-mster sphars in the meighbearhood of the earth per day.

It ie estimaved by Whipple that & meteeroid of magnisude 17, moving
vith a veloeity of 18 km/sec, of vhieh about tvo per day vill strike s
S-mster sphers, vill penetrate aa aluminum skin of 0.0l cm, vhereas a
sstecreid of mognitude 5, one of vhieh will strike the sphere every hundred
yoars, veuld penetrete 4.5 ou of aluminum. Abou: every 50 days a partieclas
cspadble of pemctrating O.5 em of alumimim vouid hit the sphere.

But the prebadility of strikisg metecroids dapends upen vhere the
vehiele 1s in spase. Figure 16 applies to the immediate ssighdorhecxd of
the sarth. At greater distaness good 4ata are lacking. What is kxnown,
however, is that {a) the smallest dust particlse (micromstecruids) are
cemssstrated in the ecliptie or piane of the earth's orbit, and (b) mest
mdeeritic material (s cemstary refuse «od is comsequently largely
digtriduted alemg the ervits of comets.

Let us reviev same of the evidenes for e ecliptio cooceatrstion of
sesxmie dust. After eveming twilight, especiaily near the 2lst of March
ia mortherm latitudes, s fairt tapsred bemd of light car be seen extemding

up frem the herisea eemterod alemg the ecliptic. This dend =f iight, vhish
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can be photoelectriecally traced through the complete alght sky. is called
the sodiscal light. The color uf the zodiacal light iz nearly the sums as
that of the sun, but shovs approximately . per cent poiarization. These
otservat.onal facts suggest that the zodiace. ilght 18 caused fo. the moet
pert by sunlight scattered from smal. Cust cr metecroidal particles at least
2C microns (n dismeter. B8ince light scattered Ly free electrons is strongly
polarized, it !s probable that free electrons represemt a {raction of the
particies present. This :s also substantiated by the fact that the total
light present seems to vary ¥ita solar activity, being least when ioniting
radilations from the sur are ¢t a Kinimum. GHowever, since scattering by
gas stoms and molecules alters the color of the light 1t mus. be conzluded
that the zodiacal particles .except Zor the .ree electrons ) are much larger
than moiscules.

it has oveen suggested that the zodlacal light is an extemnsioc of the
outer solar coronAa. This idea (s re.nforced iy the fact that the corona
bas a color and continuous spectrum aagreeing with the zodiacal light. But
mOoSt (ntereating is the comparison of the brightnessss, s showvn in Plg. 17.

This laysr ¢ smal]l mstecroidal partivies must extend from the sun
veil beyomd the orbit of the sarth. being concenirated townr the eciiptis
or fundamental plane of the selar system.

™e ma'or cencentratien of the saallest mmtecric material (,roducing
80 viswal effects when striking the earth. (s in the ecliptic, but other
concentrations are ntimmtaly associated with comets and other wodies.
“he vieibie meteers, or ahoo'ing stars. are of tvo types - thcse associated
vith shovers and tncse vhish are sporadic. The shewver metecrs are of

cometary ori;ln;, the sperasdies are provadly treceable to asteroids.
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A
ek us revier ¢ fav Facus someernisng cemts and meteer shewsrs. No

agcurate mesees oaf SoRevs beve Loen determiasd, ainse theay are net masgive
esough to exert aay mysaeredis perturbetive forces oa othear dodies. But

1% 15 estimaiad that typisal messvs are of the order of 10*° toas (eartr =
approximately 102 tems ), snd the damaities sre such that in a thoussad
cubiz miles cf a camet’s tall thare is igse wattaér than in a cubis ipeb

oY air,

In i94¢ ¥Whippls hypothasizad s cowet-wodal whieh eatisfacterily expiain:
3 great many observed facts adaut comste. Waipple holds thet & coemel's
nucisus i & comnic icebarg, a porous mases of solidified gmxses or les wlus
some sclid particles. The subutances present &re lirgely water ics,
amonia, and mstbhone with somd carbon dioxide and cyanagen.

But vhat 1o of speeial interest ie thet om eagdk trip near the sun,
the eemet 1e partially disimkegrated asd isaves &« 'vake' of smsll solid
particles and ices. 8o the reglens of spece vhere an astremaut is liksliy
te find highsr thar average densitios of metouric meterial are along the
ordit of comets, either '‘live’' eemeis or old disintexrated cmmsts.

Whowever the earth passes through ons of trese comstary vakes a mwtecr
shewvwr results. Hundreds of shooting ctars are ocbosrved to emerge frem a
small area of the sky called the radient, the Airection being determined by
the orvit of the camat wake in space. I gemeral these ammll, solid
particlas or bits of iee, a fov micrems in size, vhich cause metegor showsrs
vill 50t sause psnotrative disasters to a space vebiels, theugh they my in
time sause occuside™adle akin atvrition. It is the sporsdic msteoreids that

are likely to ceuse suiden treubls 4n space flight. These bodies are moet

predbably fregeents ¢f astaroids wvhieh have resulted frem collisions. Like
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commts, none seams to have & daf nitively Lyperbolie erdit. However, timse
sporadic metesrcvids may be quite sizable, form firebells, and frequamtly
strike the sarth. They range from a fev greas up to theussnds »f tons
l1ike the lsrge mgtecrites (or even smll astercids ) shich caused creters
like the Barringer Mateor Crater il Arizema.
4t ue pov turn bprisfly to same TAzis cancerning the minor placets or
agtercids thaszselves. Cinecs %bs discovery of the first asteroid an Jemwery 1,
1801, the orbits of mere than 1500 of thase bodies have been determined.
Howwver. their total number must run iato the bhundreds of thousands; it has
been e¢stimaied that there are 850,000 brighter than the 19th magnitude alene.
Most of the asteroids follow erbits which lie betveen ths orbits of Mars
and Jupiter, occupyling & placs in the colar systes vhere Bode's Lav has
predicted s majer plazet vhich does uot exist. (Bome sztersids depart
cousiderably from the mean orbits.) One family of aatervids is of epssial
interest. [t occupies thew equilsiersnl libration points in Jypiter's arbit
(Pig. 18). These asteroids - mown as the Trojans - numbor edout 12, ssme
leading Jupiter, scsm following. Seerches have been pmde for possidle
Trojar-type astervids essosiated withi the equilateral libratiee points in
ths orbits of othar planets, btut nons hes been fouxi.
Orbits vhose pericds are exsct frastiens of Jupiter's period are
callsd rescamnt ordits. The effect of perturvations en thsse resemant orbits
i# to render them unstable and ferce the asieroids into ether erbits, s
faet vhich might be of interwst to astronauts; similar effects would ¢peruts
on earth satellites vhoee periods vers exact fractiens of the luner period.
Thus if & satellite vere plaeed on an ordit with a psried of suy sxactly

1/4 a memth, it weuld secn move inte seme ether orbit.
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Iz recsnt yesars high-powercd, wide-field phowxc telsscopss bave
recerded thousands of faint zev astereids, ceme of them om orbits vhich
bring tase clese to the sarih; in 1737 an asteroid swapt vithia 800,000 ke
of the earth, er reughly twiae the moos's distance. Orbits are now knewn
fer at least ten suak sdjects vhioch come within the sarth's orbit.
Undoudrtedly thare are sesres more, esnd over @ peried of humdweds of
thousands of ysers cuilisions vith the earth must oc.ar.

The largest astervid {and the first discovered) is Ceres vith &
disawter of 730 kx. The sizes reaage om down to & fev kilomters. Assuming
thet the retis sf reflsectiag power to size is the same for small astercids
as for large ones, we have

Absalute megmitude.......5.0 10.0 1%.0  20.C

Diometer (km)............270 27 2.7 0.27
Sines the nwmber cof dodies inereases by a facter of 2.7 with each magnituds,
shere are predabdly 100,000 sstarcids vith diaseters in oxcess of 250 meters.
It 13 estimateod that all the astarcids togother weuld make up a cpherical
boly about 1000 km in diamoter vith & mess less than ene-theusendth the
earth's sess.

Interplanetary space also centains meleeular, atemie, and subatomic
partieles and rodistion of varieus kinds.

Iz the cxespieric region of the terresirial stmosphere great nuwbers of
aitregen, m, ard otder particles are freely orbiting as a highly tenucus
atasaphare. At higher levels of the excephere ligktsr gases sush as hydregen
and delium may eventually assume 3a inercosingly impertamt ecentributicm to
the density and cenposition. The prepertien ¢f ieuised partisles to neutral

atoms vill insreass te values sush &8 eme iz five, and Eore, at greater
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distances from the carth, becauss thare vill be fev collisions tedtwssn the
very highly ionized positive ions and negetive electrens; the prebability
for nsutralisation of ths elsetiric charges by recombination vill be very
small. At very high levels ar beyond the atmosphere rrotons apd eleetrons
will Sominate, together vith seme nautril hydregen atema. The electrons
wvill deminate, tegether with seme neutral hydrogen atems. 7he eleetrom
decsity at the bese of the axospbers can be taken as § x 10'/em. Indireet
data on the solar corena enmd rodiacal light suggest thet the regian between
the earth end moon has an electron density of the ordar of 10 /em-.

The lunsr gasecus ataospbere mey consist mainly of argen, together
vith carbea dioxide and sulpher dioxide and some water vaper, but its true
composition and density are &s yet uncertain. It is also poesible that the
moon has an ionosphere vith electron densities of the order of 10°/em’;
sema estimates go as high as 100/ca’.

According to the Chapman-Ferraro theory of magnetic storms, eorpuseular
streams of elestrons and protans are emitted from active regions om the sun,
and preceed sarthvards to cause magnetic storms and aurorss. These particlass,
ascording to this theory and several others related to it, travei to the
earth in abeut a day, so that the velocity may be about 108 cu/sec.

Selar particles moving vith a veloeity of about 1/3 that of light have
been neted tc lesve the sun in areas of solar flares. (Metheds of radio
astronemy have been wsed in these studies.) Durimg solar flares em about
eix eecasions since the early 1980's, markod incresases in cesmic rays have
occurred ever a peried of hours to almest a day. On February 23, 1956, aa
increase of 90 per cent or so in eesmic rays detected at the greund appsared

is high latitwdes of the sarth. This means that the perticles had an energy
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in excess oflébmiwmﬁranlu (vev ). NEffects porsisted ever &
period of 16 hours er mere ix eocmie raye, and fer several days high
adoerption of radie wvaves ensued. The potentisl extrems radiatisa hazard
2ika that of February 23, 1956, appareatly does not oceur very eftem; this
and some ether large incresses during flares have appeared cnly adbout emes
SVery kree YOArs.

A-week galastic backgreund of redie neise from a fsv to theusands ef
nigacycles axisto. It is believed to arise frem clectrens spiraling in
axgnetis fields ef setive areas ia distant galaxies. Seme localised areas
rediste very inteasely, as ia the regiom of the Crab .«bula.

T™he sun alse emits a radio neise backgroumd. Since a blask bedy at
sams theusanis of dsgrees gemarstos elsetremagmetis wvaver wvhose intensity
varies vith wevolongth, there must be emissian at radio frequensiss us well
88 in the ultra-vielst, the visible spectrum, and the infrered. Also,
during selar flares the sur emits short dursts of rediation up to 1000 times
as great as iis steady dackgroumd rediatica.

D2 earth's magnetic field in space 15 mush like that of a shert
aagnet at the sarth's cextar, the magset being se directed thst its nerth
palo vill 1ie in the gemersl directies of the geegraphic pales. The ocemtral
axis of this magaet interseets the earth's surfaes at the point 78.6° nerth
latitude and 209.9° east lengituie, called the goemagnetic merth pele. The
m@ustic mempet of this magnot, Sakin as a very ghert magnet, ar dipols,
was 8.06 x 10% oot imeter-gram-seeend umits ia 1922.

AS peints bsyend the atmsephere st distanee r frem the earth's eemter,
the ma@gmtis fiald falls off ruther msarly &s the euds of the distance.
T™he aleetris cwrrents floving in the atmespdere, belisved mestly truasieats,
odd to the min megnetis fisld. The main figld ilacludes alse same highar-
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srder terme required in precise caleulatiens of the field in apase.

The surface magnetic field of the swn {3 mot imeh larger than that of
the earth, except vithin sunspote. The fleld may vary samevhat vith time,
and & magnetic moment of the sun is difficult ¢o assign. In the case of
sunspots, there are usually lesal nerti) and seuth magnetie poles in the
sunspot grovps. Jagnetic moments msy ba a8 great as or greater than values
mf’tm-mtofmmumwmmu-unnmw,ooo- 60,000 km,
vith magrnetic fields of the order ~f 5000 cersteds.

Suah sumspot fialds oomld tivrefeis extesad well beyend Mercury and
almoet to the planet Vemus vith rairly readily msesureble inteasity, if
it vere mot for the fact that the sclar corons is & very geod elsetrical
csonduster; as a censequener, ¢lasvtremmgnetic induetion tends to mullify
systeamatic festures of tbhe eadnging s'mspot fields, except at points sless
to the sun. However, (t {; expeeted that portiens of the astual magnetic
fields of sunspovs are corried by waterial vithin meving premineances or the
streaning cersns to thi neighberheod of tre moon and sarth vit: measuredble
iatensity of magmetic (ield. BHence, the sumspot fisids are expected to
exist in fragmentary and badly organized form vithin the solar system,

The relative bheating effect of the hot sclar corcna en space vebicles
vill ba megligible for a lumar flight. The heat flux from the selar
cerend por square ocentimster of area vill be kinetic smergy of motien; but
the hot partieles, tbeugh very emergetis. veuld be teo fev in mmwber to
heet up & metal surface appreciadly. The nwder of protons and aydragen

3

atoms showld be of the erder eof 10~ te lol‘/u"’, s0 that the emergy flux

veuld be ealy 107’ times the maximm selar redistien flux of nearly twe

hersepover per square meter.
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KXFERIMENTATION IN SPACK

T™he use of spase “light CYer seiextific experimentation vill greatly
add te the steck of seismtific knewledge, and of ceurse such experimsstatioa
15 also asevssary ter the susesssfal fulfilment of msay spade-flight micsiems.
Leaking bdeysad the IGY pregrem, ve are abls to feresee such wseful xperi-
ments a8, fer axample, the refimsment of basic cemstasts (planotary messes,
gravitatiensl eemstext, dimsusiems of the 20iar system). Per these purpeses
srtifisial astercids (satellites of the swn) and planetary satellites, periape
vith tremspendiag equipment fer sssurate range and reange-rete msasuremsst,
are ons pessidility.

Thexy are syveral other wuses for artificial asteroids. when trscking
tochniques at tie distanse of Vemus, fer example, bave besn parfected, an
asteroid o an orbit making & clsce snesuntar ean be ussd vitb perturvasiom
theery a8 & test particle fer refining the meas of the plamet Astoreids
sarrying suitabls imstrumsnts can study the efTeets of solar partieie
rediatism in regions of spase reswte frem the perturbing ¢ffeets of the
earth's magnetis flsld. If instrument-besring astereids esuld de plased
in the earth's equilsteral-trisngle lidreties peints, observatioms ef the
directiomsl prepertiss ef solar flares aad spots could be made. Astereids
vith suitable ispest coumtors oould map the distridwiien ¢f meteer stireams
ia all parts of space to dsternine optimmm courses for latser {mterplamstary
vehieles.

Another sort of isterplametary vehisls weuid be aa artificial setellite
of another plamet. It should Lo pessidle o learn & geod 4sal adewt pisnets
and their stmespheres fram satallive choe: ving statiems. A lagieal preluds
%0 setwlly landing en s plamet (thowgh predably net & meeessity fer Mare
or Yomus ) vould be chaorvetisn ¢f the bdelavier of am imstirwmewted
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're-antry body' as it plunged into the planet's atmosphere. From a
knoviedge of ‘ts approash trejectery and a ties histaery of altitude,
dsceleration, asd vehicle surfase heating, tne atmosphorie dasa mseessary
te dosign subsequent eatry vehizles could prodadly be determimed.

What ie the present state of knowlodge cencerning these maighdbars ef
the earth!?

Pirst, Venus. Actually very little is known abeut Venus. Its reta-
tion peried {s very uncertain; siroe it has e sstellites, its mmss 1
knewa to omly * per cent; and sises it is severed vith opaques cleuds,
nothing eenserning its surfeece 18 knovn. Even the chamical compositien of
the Venusian atmosphere is sontreversial. Large amounts «f carbem disxide
have beent 0dserved but no evidenow of vater or cxygea. Some belisve that
Veaus is a 4dry, duwsty planet covered vith an opaque dust eleud. Others
balieve that Veaus is ane vast oeean, aad that water has net been detected
in the atmosphere because it is alwvays iz the ferm of ice. 8till others
belisve that the slovas are formeldshiyds and that Venus is eevered vitk
plastics. These hypotheses are not idls speculations but are cemsisiemt
vith the obesrvaiions. It is the diffisulty of getting suitable sbesrvations
that leaves the econditiens on Venus so undertain.

Beicmetric observaiions of Venus sugges® some ratatien. Richardsem has
resently eemtludad that Venus has & retatien peried of frem 8 te M days,
with a prodability of heimg carrect af 0.%3. 3e claiwms that 1lh 4days retrogreds
is the Dest mean value. The axis, a3 aseertained from zloud markings, s
tilted frem the plane of the wbdit semevhire betwwen 14 and 32 degrees (met
so difTereat iz this respeet frem the earth and Mars)!. The facts that 2o

equatariel bulge has ever doum shosrved and that redie mseswremscts sheving
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a 13-day flustuation bave been sheerved sireagthen tha sase fer Rischardson's
2-wpek Venusiaa day. Thet exyges ba: ' wr Ween obsurved way be traoed to
the fast that all ehservetisms are muiristed te the urpir parts of the
atacephere, vhere axygsa is predebly dicseciated ao in tle earth's
stmosphare .

All of these statemoats odd up to the predbability that Venus wiil be
& 'surprise planst’' vhen risited by picoeer astrenauts. Nothiag ${s defini-
tively knowa vhieh precluiss the axistense of eonditiens faveradle te lifs.
And at leest eue praxivest astrencmsr feels thet Venms vill be the plamst
oa vhich wo are mest likely te find life.

As o the earvh's ether maighver, Mars, a groat dsal more is kaewms.
Nors retates em its axis in B° 57 or esseatially coe earth day. Its axis
1s inelingd to the erbital plane by the sams amewnt as the earth's, and
seasehii offects similar te thess of the sarth are ebserved.

The eenditions on the surfase of Mars are very similar vith regard to
tengereture and pressure to oomditiens en the earth 1l miles sheve the
swrinee ia the strutesphere. Altheugh human life sould net survive vitheut
sxtsntive lseal exviroumental medificeatiens, the pessidility of a self-
swstalning ccleny 18 mot ruled ext.

Det bloak and desert-like as Jars appears to b, vith ne exypen and
very little, if any, wveter, there i{s good evidensse (derived frem sheervatioca
of the Martias 4ark arees and swesensal @aler changes ) that s~ indigeneus
life feowms may emist.

he emmal seutroversy is sil' umeettled and prebadly vill remsin so
wtil Mars enn be adogumately cbesrved frem a pesitien free frem the blurring
notions of the sarth's atmesphere.
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Alreedy, through ths study of ciowd myvemsuts aad texmperatwre dis-
tributiens vn Mars, knovledgs is being gained vhieh is useful in tha
analysis of the eerth'a atmospasre.

Bech planset, regarded as a scientific laberatory, offers walimited
pessivilities for studying physies, geology, mateorolegy, chemistry, and
sven life seiense. Ty~ sclentific dividends fram the esploration of speaes
should, {n agt %00 leng a pericd, repay the vhols cost maay times over.

It bas been neted that nearly all the physical sttributes ef the
sxesphere, selar corena, and lumar atmosphere are so ill-inmewn that {(t is
highly desirsble te cenédwst the hasic research needed t» remcve the dearth
of real Mmovwledge.

Among the physiczl axperiments that might be comducted (in sdditiem te

thess meutioned above ) are the follewing:

® Measuremsnts of the cempesition, dsnsity, and tempersturc afiaptter alomg

the psth of & lunar flight, and on the moon.

0 JMuasuremest of x-ray and ultrs-violet radiasion alemg the flight
patk. Some attentioam to infrared radiatisn also seems imdicated.

0 Measuremsmt of the spectrum and fulensity of redistiem at redio
frequsncies (a) from spuse, (b) from the sun, and {¢) frem
suaspots .

o lMecsxremsat of the geemagnetic 7ield at varieus distanees and of
pessidis mapmtic flelds sscompanying sureral streamers and riag
curremts. Turbuleat magneties fields vithin the selar corema sbould
alse b meagsured. The lwmar magnetic field shemld be sseertainmed,
right éowva te the lwmar surfaee.
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Cesmia ray ovservatioms vith ceunters aleng the flight path. O
the moen, directiesal expsrimsnis 7111 e useful ia the stwdy of
eoamis rediatien Yrem the sun or special sources requiring precise
locatien.
Precise measurements of the lunsr mass end gravitetional fleld.
A mass spectrogrsph cn the moon to identify gases such as argen, semou;
kryptom, cerbon diciide, sulphur dioxide, sand /mter vape:-.
Selasmic oheervaliens, vwitd or vitheut explsaicns, to provide
infermation ez the lumar laterior and cesgposition.

Neasuremsnt of radiesctivity at variaus depths within the moon.
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Fig. 7-——Parameters used to'describe initial conditions
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. FIG. 17

CHANGE OF BRIGHTNESS OF THE SUN 'S OUTER CORONA
AND THE ZODIACAL LIGHT W|TH DISTANCE
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